Abstract
Introduction
by three to four orders of magnitude with respect to the current state of the art. This 23 necessitates the investigation of so far unimportant background contributions. Here, the 24 effects of 26 Al and 22 Na, cosmogenically produced in aluminum, are investigated.
25
As it is not trivial to obtain radio-pure aluminum [4] , it is usually avoided close to the 26 active elements of low background experiments. However, aluminum is commonly used 27 to metallize HPGe detector surfaces. For low background applications, great care is 28 often taken to use especially selected "Ultra Low Background" (ULB) aluminum [5, 6] . 29 However, even if U-and Th-free aluminum is used, 26 Al, cosmogenically produced, is not
30
removed during the refinement process.
31
The isotope 26 Al has a Q-value of 4.0 MeV and a half life of 7.17 ·10 5 years [7] . In 81.7 %,
32
it decays by emission of a positron, an electron and a 1808.7 keV gamma to 26 Mg. Thus,
33
it can deposit around ≈ 2 MeV inside the detector.
34
The isotope 22 Na can also be cosmogenically produced in aluminum. It has a Q-value of 35 2.84 MeV and a half life of 2.6 years [7] . In 90.3 %, it decays by emission of a positron 36 and a 1274.5 keV gamma to 22 Ne. During the refining process leading to commercially 37 available aluminum, it is efficiently separated. However, as the half life is relatively short,
38
equilibrium between production and decay rate is regenerated within the relatively short 39 time span of a few years. known, the total production rates can be calculated as
where N 0 is the number of target nuclei. In equilibrium, the decay and production rates 49 of the considered isotope are equal.
50
Additionally, production of 26 Al and 22 Na through negative muon capture and spallation 51 reactions induced by fast through-going muons is possible. 
Production cross-sections

53
The measured production cross-sections of the 27 Al(n,2n) 26 Al-g reaction above the pro- polynomial fit, are shown in Fig. 2 . The fit was used for the calculation of the production 68 rate through this excitation channel.
69
There are little data on 22 Na production cross-sections from the reaction 27 Al(n,2p4n) 22 Na. 
113
The spectra for neutrons and protons are shown in Fig. 4 and Fig. 5 The calculated differential production rates of 26 Al and 22 Na for the previously described 
121
Self shielding by a 2 m bauxite layer does reduce the differential production rates of 26 Al 122 and 22 Na by a factor of roughly 4 -10 with respect to the sea level production rate,
123
depending on the neutron and proton energy.
124
The integrated production rates of 26 Al and 22 Na are given in The results of the simulation are listed in counts/(kg y keV).
235
If no cut based on event topologies is made, the background rate is higher by roughly one 236 order of magnitude. In this case the background will be at levels of up to 10 −4 counts/(kg y keV).
237
A single detector cut reduces the backgrounds due to the decays of 22 Na and 26 Al by fac- were done to qualify low background aluminum for its use in low background detectors.
245
The measurements of the samples were carried out at the Laboratori Nazionali del Gran 
251
The highest measured activity of 0.6 mBq/kg of the Kryal #1 sample, see The detailed geological history of a given mining site determines the exposure of the baux-
271
ite to neutrons and protons. Therefore, the source of the aluminum has to be controlled 272 and the aluminum used has to be screened for radio-impurities with sufficient sensitivity.
273
The contamination with 26 Al can be avoided by using aluminum refined from underground The simulations show that for neutrinoless double beta decay experiments using HPGe 283 detectors with metalization, the material used to metallize the surfaces has to be care-
284
fully screened for radio-impurities. For the case of n-type HPGe detectors with a diam-285 eter of 7.5 cm and a height of 7.0 cm, maximal radio-impurities of less than 0.6 mBq/kg, 27 Al(n/p,X) 26 Al-g differential production rates
Figure 6: Calculated differential production rates of 26 Al in 27 Al due to secondary cosmic protons and neutrons at sea level and averaged over a 2 m thick bauxite layer without top soil. 
10
Figure 11: Simulated spectrum from a 1.0 mBq/kg 228 Th contamination in the metalization of HPGe detectors in a GERDA like setup [1] . Spectra are without any cut, with single detector cut and with single segment cut. The region of interest is shown in the inset.
